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Conclusions: An improvement 10 the AFE algorithm is presented 
which allows for more accurate frequency estimates at a slightly 
higher computational cost. Additionally, the proposed MLAFE 
algorithm is able to track time-varying frequencies, which the 
AFE cannot. 
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High-speed DQPSK chirp spread spectrum 
system for indoor wireless applications 

J, Pinkney, R. Benin, A. Scsay and S. Nichols 

A chirp spread spectrum communication link for high-speed 
indoor wireless systems using a broadband SAW chirp filter is 
proposed. This system combines the mulripath resolving ability of 
spread spectrum with the diversity of a RAKE-rype receiver. 
Computer simulations and experimental results show nearly ideal 
performance in muitipath fading conditions. 
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A 

eduction: Pulse com p, 
swept signals (chirps) is a wWRhown technique and has been pro* 
posed for use in spread spectrum systems (1) for many years. 
Unfortunately, so-called chirp spread spectrum systems have not 
been widely implemented because direct sequence (DS-SS) was 
considered more bandwidth efficient and easier to implement. At 
the high carrier frequencies and data rates proposed for indoor 
wireless systems, however, chirp spread spectrum's ability to over- 
come frequency selective fading with a simple surface acoustic 
wave (SAW) implementation makes it more suitable. 

System description: In our prototype system shown fn Fig. 1, a dis- 
persive SAW device is used to spread a relatively high bit rate 
(lOMbit/s) DQPSK signal. The modulated DQPSK data is passed 
through an RF switch to provide a broadband probing pulse. The 
chirps produced by the SAW are then upconvened to 1. 8 GHz (in 
future tests this will be increased to 17 GHz) and sent over the 
wireless channel. 
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Fig- J Simplified bfack diagram of prototype chip spread spectrum 
system 
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At the receiver, the transmitted signal is sideband inverted and 
correlated through the receive SAW filter. The inversion process 
converts the transmitted up-chirp to a down-chirp and allows 
identical filters to be used in both the transmitter and receiver, 
resulting in better phase matching. After correlation, the I and Q 
components are extracted and the phase removed in anticipation 
of DQPSK demodulation. At this point a lowpass filter with a 
cutoff frequency of 1/T, (where T t is the symbol time) is imple- 
mented as a simple but efficient RAKE to sum the energy of the 
muitipath components. After the RAKE a decision device recovers 
the original data symbols. 

It is the three main system components (the chirp correlator, the 
DQPSK demodulator and the RAKE structure) acting in concert 
which give the system its excellent performance in the presence of 
frequency selective fading, 

SAW design and testing: A SAW device was fabricated specifically 
for this project on Y-Z LiNbOj using a very simple slanted array 
compressor (SAQ design. Manufacturing constraints limited the 
centre frequency to 600 MHz and the bandwidth to 200 MHz. The 
length of the chirp pulse produced by the SAW is -500 ns giving a 
time-bandwidth produce of 100. The SAW device has a measured 
passband insertion loss of -32 dB with no impedance matching. 

The normalised magnitude response of the SAW correlation 
pulse is shown in Fig, 2. Unwanted effects, such as triple transit 
and electromagnetic feed through reduced the maximum peak-to- 
Sidetobe ratio to -34dB, while the traiisnut/receive filter phase 
errors widened the correlation pulse to -25 ns. The measured sys- 
tem processing gain is -l6dB. 

Test and simulation results: Computer simulated BER curves using 
measured indoor radio channels and a data rate of lOMbit/s are 
shown in Fig. 3. The curves represent both an ideal system using a 
mathematical chirp (i.e. the transmit and receive filters modelled 
by a linear chirp function with Hamming windowing), and a more 
practical system using the measured frequency response of our 
SAW device. As a reference, the BER curve for DQPSK. in a 
Gaussian channel is shown (taken from equations in [4]). These 
curves show a performance within ~2dB or theoretical 'DQPSK. 
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Fig. 3 BER curves for DQPSK (Gaussian channel), mathematical chirp 
simulation, measured SAW filter simulation and measured prototype 
hardware (10 r* WLOS cannel) 
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The channel impulse responses used in the simulations were 
taken at random from an extensive indoor channel database [3] 
with over 10000 individual measurements. The channels were 
measured from 700 to 1100 MHz at many different office locations 
and recave-transrnit distances. For our simulations, we used only 
channels with a receiver-transmitter distance of 10m, giving an 
average « 20.7 ns. When ISI is not a factor (Le. symbol times 
were greater than 8-10 times t* vr ) error rates of < 1(F were read- 
ily achievable without coding. 

Fig. 3 also shows BER measurements for our prototype system 
(at a data rate of lOMbit/s) using a ti^smit-rcceivc distance of 
10m, a carrier frequency of 1800MHz and a non-linc-of-sight 
channel. This channel had an average measured excess delay of 
~250 ns~ The measured points fall very close to both simulated 
curves, thus verifying the computer results. 

In measurements with similar 10m channels wc were regularly 
able to produce BERs of < 10- 5 with symbol times as tow as 100 as 
(Le. data rates of 20Mbit/s). 

Conclusions: In this Letter, we have shown the viability of a simple 
SAW-based chirp spread spectrum communications scheme for 
the indoor wireless environment. The multtpath resolving capabil- 
ity of the SAW correlator, in conjunction with the RAKE imple- 
mentation permitted by using DQPSK, provides immunity to 
frequency selective fading. Simulations and hardware testing show 
that excellent performance is achievable even using a sub-optimal 
SAW device. Results indicate thai raw throughputs in excess of 
20Mbit/s are possible at error rates of < 10- 5 . 
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Interference in DS-CDMA systems with 
exponentially vanishing autocorrelations: 
Chaos-based spreading is optimal 

R. Rovatti and G. Ma2zini 

A novel estimation of the minimum achievable interference in 
direct sequence-code division multiple access (DS-CDMA) 
systems is introduced, which holds when spreading sequences with 
exponentially vanishing autocorrelation are employed. This can be 
applied to many of the recently proposed improvements to 
cfoviiral maximum-length or Gold sequences, such as chaos- ba^ed 
spreading. Asymptotic inlmite-bandwidth results are also 
provided, clarifying the maximum attainable gain. Empirical 
evidence shows that this theoretical maximum is achieved by some 
chaos- based sequences which are therefore optimal. 

Introduction; The classical approach to direct sequence-code divi- 
sion multiple access (DS-CDMA) system design aims to obtain 
spreading sequences with rapidly vanishing, possibly delta-like 
autocorrelation functions. Though this may positively affect some 
sequence acquisition mechanisms, it does not necessarily minimise 
co-channel interference in an asynchronous environment In fact, 
following a well established path (1], the interference seen by U 
users due to the presence of other competing users can be thought 
of as a zero-mean Gaussian random variable, the variance of 
which, normalised to the useful signal power (a 1 ), gives a bit error 
probability P„ - erfc ^[1/(20*)]. 

More formally, we consider a spreading factor N which is also 
the period of (possibly) complex spreading sequences y - > a , >' lf 
— t **v-i» Jfc >V *•• where y t is one of the Z,th complex roots of 1. 
With this, a* = (U- 1) Wl and [2] 

z-s^.Tl [2E[ir^| 2 ] + fte(E[r^.,r: v ., +; ])] 

where the expectation E is taken over all the -pairs of sequences /. 
f that can be assigned to two users and V Nt = I £2"' ySiyt^Y 
for t = 0, 1. .... N - 1, r, VM = L *r' yUWT for x = -I, -2, .... - 
N + 1 and T^, = 0 for (t | £ N denoting the complex conjugate). 

The quantity R assumes the significance of expected interfere 
ence-to*sigrtal ratio per interfering user and must be rnirtimised to 
improve communication quality. To investigate this issue we 
define A< — E[y/>V] and assume that second-order statiooarity 
holds so that EbV-'^/l ~ 4 for any / > 0 (note that .4^ = 1). With 
this, algebraic manipulation leads to 
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